Variability is increasingly recognised as a characteristic feature of cellular, synaptic, and network properties. While studies have traditionally focused on mean values, significant effects can result from changes in variance. This study has examined cellular and synaptic variability in the lamprey spinal cord, and its modulation by the neuropeptide substance P.
Variability is common in motor systems. This has been accepted for some time with respect to voluntary movements (Newell and Corcos 1993; Harris and Wolpert 1998) , and is now becoming recognised in rhythmically active motor systems where regular activity had been assumed to be the normal or optimal condition (Horn et al. 2004; Parker et al 1998; Pearlstein et al. 2005; Szucs et al. 2005; Zhang and Grillner 2000) . While variability may be a necessary component of any flexible system, mechanisms must exist to ensure that it does not reduce reliability and Page 4 of 48 accuracy once a particular movement sequence has been selected (Harris and Wolpert 1998; Stein et al. 2005) . Variability could be regulated by feedback or feedforward inputs to locomotor networks, or by the intrinsic cellular or synaptic properties of network neurons.
This study has examined variability in the lamprey spinal cord. Glutamatergic agonists can activate the network in the isolated spinal cord to evoke alternating bursts of activity in ventral roots on the left and right sides of the body ("fictive locomotion"; Cohen and Wallèn 1980) . Fictive activity is usually only analysed when a regular network output is generated (Wallèn and Williams 1984) . However, as in other rhythmically active motor systems (Barthe and Clarac 1997; Horn et al. 2004; Pearlstein et al. 2005; Szucs et al. 2005) , the activity can show species-dependent irregularity (Parker et al. 1998; Wallèn and Williams 1984; Zhang and Grillner 2000) .
Electrophysiological and ultrastructural analyses have been used here to examine cellular and synaptic variability in the lamprey spinal cord and its modulation by the neuropeptide substance P (Aradi and Soltesz 2002). The results show that there is neuron and synapse-specific variability in the spinal cord and that substance P can modulate this variability to make the excitatory drive to motor neurons more regular.
Materials and Methods
Adult male and female lampreys (Lampetra fluviatilis, 25 to 30cm) were caught off the east coast of the UK as they prepared to migrate from the sea to freshwater. Animals were anaesthetised with MS-222 (100mg/l) until all skin Crossing inhibitory and excitatory interneurons (IScIN and EScIN, respectively) were identified by their ability to elicit monosynaptic IPSPs or EPSPs in contralateral motor neurons, respectively. The SiINs and ScINs could be distinguished from the lateral and crossed caudal interneurons because they had higher input resistances (49±19M compared to 12.7±2.5 M in lateral or crossed caudal interneurons; see also Buchanan, 2001) , which presumably reflected their smaller cell bodies (Buchanan 1993; Buchanan and Grillner 1988; Ohta et al. 1991) . These neurons also have relatively short axonal projections (Ohta et al. 1991) , and so unlike the lateral Page 6 of 48 7 and crossed caudal interneurons they did not evoke extracellular spikes in suction electrodes that covered the whole of the ipsilateral or contralateral region of the spinal cord 10 segments caudal to their cell bodies (Parker, 2003b) . Monosynaptic PSPs were identified by their reliability and constant latency following presynaptic stimulation at 20Hz. An Axoclamp 2A amplifier (Axon Instruments, California) was used for voltage recording and current injection. In all experiments, the membrane potential in the presence of drugs was kept at a control level of -70mV by injecting depolarizing or hyperpolarizing current using single electrode discontinuous current clamp (DCC; the mean resting membrane potentials for the motor neurons and EINs in this study were 71.3±2mV and 67.7±1mV, respectively). This was necessary to examine the synaptic variance independently of any potential changes in the membrane potential. DCC was also used to inject positive or negative current pulses to examine input resistances and excitability. Data were acquired, stored, and analysed on computer using an analogue-to-digital interface (Digidata 1200, Axon Instruments, California) and Axon Instruments software (pClamp 9).
The effects of substance P on synaptic properties should ideally be examined during ongoing locomotor network activity. However, it is extremely difficult to examine individual synapses in detail when networks are active (Manor et al 1999;  Parker, unpublished data). Cellular and synaptic variability was instead examined by repetitively activating network interneurons and motor neurons. The presynaptic stimulation protocol consisted of bursts of five spikes at 20Hz delivered every 500ms (this is a physiologically relevant stimulation pattern; Buchanan and Cohen 1982; Buchanan and Kasicki 1995) . Only 20Hz stimulation was examined here as preliminary analyses showed that there was no significant effect on synaptic variability at lower stimulation frequencies (5 and 10Hz; Parker, unpublished Individual action potentials in each burst were evoked by injecting 1ms depolarizing current pulses of 10-60nA to ensure a constant 50ms interval between presynaptic spikes. This removed any variability in presynaptic spiking and thus allowed effects on synaptic variability to be examined in isolation. PSP amplitudes during spike trains were measured as the peak amplitude above (EPSP) or below (IPSP) the baseline immediately preceding the PSP. The degree of PSP summation varied in different connections, presumably depending on the number of PSPs that were evoked and their time-course (Parker 2003a). Where PSPs summate this can alter the PSP amplitude due to changes in driving force and input resistance. We have previously corrected for these effects using the formula of McLachlan and Martin (1981; Parker 2003a) . Because this correction did not result in any significant changes in the measured synaptic responses (corrected EPSPs changed by only 0.05-0.1mV) or alter the properties and plasticity of inputs during spike trains, we have not applied it here. Synaptic variability was examined by calculating the variance of PSPs within bursts (intraburst variability; Fig. 1 ) and across bursts (interburst variability). The intraburst variability will influence the summed synaptic input within each burst, and could thus alter the duration and pattern of spiking: this will in turn influence the frequency and regularity of the network output. The interburst variability was calculated by measuring the variance of the initial PSP amplitude in each burst (Fig.   1A,B ). This will influence the variability of the synaptic input over successive bursts, which could affect the onset of the burst and thus the interburst variability.
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Activity-dependent depression of the PSP amplitude was defined as a reduction of the PSP amplitude to at least 90% of control, and facilitation as an increase to more than 110% of the control PSP amplitude over the train of 5 spikes.
Connections in which the PSP amplitude did not fall below 90% or above 110% of the initial PSP amplitude during the train were defined as unchanged. If the PSP amplitude fluctuated above 110% or below 90% of the initial amplitude but there was no sustained change during the spike train the connection was also classified as unchanged.
The variability of spiking was either examined during ongoing NMDA-evoked network activity, or in response to depolarizing current pulses (0.5-5nA) designed to mimic rhythmic membrane potential depolarisations during network activity (50 current pulses of 100 or 500ms duration given every 200 or 1000ms, respectively; Fig. 1C ). This pattern of stimulation was designed to simulate repetitive activation during network activity at frequencies of 1 or 5Hz (Buchanan and Cohen 1982, Buchanan and Kasicki 1995; i.e . within the frequency range over which the effects of substance P were examined on network activity; Parker et al. 1998 ). Only cells with resting potentials of less than -50mV and overshooting action potentials were examined in these experiments in order to avoid potential effects on spiking caused by damage to the cell body (~10µm; Buchanan et al. 1989) . Because motor neurons and EINs were found most often, it was only in these cells that a sufficient sample size matching these criteria was obtained (synaptic inputs from excitatory and inhibitory interneurons were examined if the presynaptic action potential did not match these criteria, because action potentials that propagated to the terminal to evoke transmitter release should not have been affected by damage at the cell body). The lowest resting membrane potential of a cell used in this study was -57mV. Cells current clamped to - 
Electron microscopy
Changes in synaptic ultrastructure were examined in 63 synapses in three animals. Two pieces of spinal cord were taken from each animal. One piece was treated by exposure to substance P (1µM) for 10min (Parker et al. 1998) . Control and treated pieces of spinal cord taken 30min after substance P application (this time was Photoshop for the analysis of the diameter of vesicle profiles in different synapses (Colliver et al. 2000) . Round vesicles were assumed to be present at excitatory synapses, and flattened/pleomorphic vesicles present at inhibitory synapses (Peters et al. 1991) . The analysis examined docked vesicles (i.e. those in contact with the presynaptic active zone), and non-docked vesicles (i.e. those located in the vesicle cluster around the release site but which were not in contact with the presynaptic active zone). Random sample sections were analysed blind a second time to ensure that there was no bias in the analysis of properties in control and treated sections.
Drug application
Locomotor network activity was evoked by continuous bath application of 50-200µM NMDA (Parker et al. 1998) . NMDA-evoked network activity can differ markedly in its frequency and regularity in different experiments (Parker et al. 1998; Zhang and Grillner 2000) , and the pattern can change spontaneously, particularly within the first hour after NMDA application (Parker et al. 1998) . Experiments only began when the pattern of activity had been stable for at least 1h (Parker et al. 1998 ).
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Substance P was applied for 10 min at a concentration of 1µM in all experiments (Parker et al. 1998) . Because of its long-term effects, substance P was only applied once to each piece of spinal cord. Glutamate receptor antagonists and altered Ringer calcium solutions (Parker 2000b) were applied for 10min before substance P application. Protein kinase inhibitors and the slow intracellular calcium chelator EGTA-AM were applied for 1h before substance P application to ensure that they had 
Results
The effects of substance P were initially examined during NMDA-evoked network activity. Substance P (1µM) increased the frequency but reduced the variability of the locomotor network output (Parker et al 1998) , and increased the frequency and amplitude of subthreshold locomotor-related depolarisations in motor neurons (Fig. 2Ai, Aii, B; p<0.05, n=14) . In addition, it reduced the variance of the locomotor-related depolarisation amplitude (p<0.05, F-test; n=14; (Fig. 2Dii) , and by the improved reliability and precision of individual spikes (Fig. 2Diii ,Div). These effects were not dependent on NMDA concentration or the initial frequency of network activity, as they occurred with 50-200µM NMDA and at initial burst frequencies of 0.2-2.4Hz (data not shown).
The summed synaptic input that neurons receive when the network is active makes it difficult to study cellular and synaptic properties in detail during ongoing network activity. The mechanisms underlying the reduced variability of locomotorrelated depolarisations and spiking during network activity were thus examined by repetitively activating motor neurons in quiescent preparations (see Methods). Spiking evoked by depolarizing current pulses was less variable than spiking evoked during network activity (interspike interval CV of current-evoked spiking 0.2-0.3, Fig 3B; interspike interval CV during network activity 0.57±0.11, Fig. 2Di ). Substance P increased the excitability of motor neurons (n= 14 of 22, Fig. 3A ; Parker and Grillner 1998), but it failed to improve the regularity of spiking (Fig. 3A,B ).
The failure of substance P to affect the regularity of spiking evoked by current injection suggested that the reduced variability of spiking was not due to an effect of substance P on the intrinsic properties of the motor neurons, but instead presumably reflected a reduction in the variability of the excitatory drive that the motor neurons received. To examine this, the effects of substance P on current injection-evoked spiking were also examined in the excitatory network interneurons (EIN), which provide the excitatory drive to motor neurons (Buchanan et al. 1989 ). The firing properties of different EINs vary (Buchanan 1993): cells could adapt (i.e. firing was terminated before the end of the current pulse, n=8 of 28), not adapt (firing was Page 13 of 48 maintained at or close to the initial frequency, n=16 of 28), or stutter (firing was interrupted during the current pulse, n=4 of 28; data not shown). The EINs in which the effects of substance P were examined either adapted or were non-adapting. In both types of EIN, substance P usually increased the excitability (n=7 of 9; Fig. 3C,D) , reduced the spike variability (n=7 of 9; Fig. 3C-E) , and improved the reliability and precision of individual spikes (n=7 of 9; Fig. 3F ). The reduction of the interspike variability was greater with lower current pulses (Fig. 3G) , and was more pronounced over the later part of the current pulse where variability was greatest in control ( Fig.   3C,D) . The effects on EIN excitability and spike variability were unchanged for as long as recordings could be maintained (up to 40min after washing off substance P; Fig. 3C ).
As the variability of spiking was less over the initial part of the current pulse in control and in substance P (i.e. where excitability is higher; Fig. 3C ), the reduced variability on the latter part of the current pulse after substance P application could simply have reflected the increase in excitability. That the changes in excitability alone could not account for the effects on the spike regularity was shown for the 2nA current pulse in Fig. 3C . In this case the excitability was not altered by substance P, but the regularity of spiking was improved.
Substance P increased the input resistance in a proportion of the EINs (from 15±10M to 22±12M , n=6 of 14; data not shown), but it did not usually affect the input resistance in motor neurons (n=20 of 22; data not shown). An increase in input resistance could potentially have influenced the effects of substance P on the EIN excitability and spike variability. However, in the 7 cells in which the excitability and interspike variability were modulated, the input resistance was only increased in 3 cells. It could thus not account for the effects on spiking in all cases. The increase in Page 14 of 48 input resistance also meant that a 2nA current pulse after substance P application should result in the same level of depolarisation as a 3nA current pulse in control (~40-45mV; Fig. 3G ). However, despite the similar depolarisation in both cases, the interspike variability was still lower for the 2nA current pulse in substance P (Fig.   3G ). This further suggested that the reduced interspike variability was not dependent on the change in input resistance.
Several cellular mechanisms could account for the effects of substance P on the increase in EIN excitability and the reduction in spike variability (see Discussion).
Only one of these mechanisms was examined here. The EINs have a slow afterhyperpolarisation following the action potential that is mediated by a calciumdependent potassium conductance (K Ca ; Buchanan 1993). This conductance was examined as it is suggested to affect locomotor network activity (Grillner et al. 1995) .
Substance P did not significantly affect the amplitude or duration of the slow afterhyperpolarisation evoked in the EINs following single action potentials evoked at 0.1Hz (n= 8, p>0.05; Fig. 3H ), suggesting that its cellular effects were not due to the modulation of the K Ca conductance.
Effects on synaptic properties
The effects of substance P on EIN spiking could have contributed to the reduction in the variability of the excitatory drive to motor neurons and their spiking during network activity. In addition, direct changes in the variability of synaptic inputs could also have influenced the variability of the synaptic drive to motor neurons. While inhibitory and excitatory synaptic inputs in the lamprey are reliable (i.e. they do not usually fail), they do fluctuate during spike trains (Fig. 4A,B) . This fluctuation could alter the integration of synaptic inputs, and thus the net Fig. 1A,B) .
The synaptic variance differed at different types of connection (Fig. 4C) .
Substance P significantly reduced the intraburst and interburst variance of EINevoked EPSPs (n=16 of 28; F-test, p<0.05; Fig. 4D ), of EPSPs from crossing excitatory interneurons (EScIN; n=5 of 7; F-test, p<0.05; Fig. 4D) , and of IPSPs from crossing inhibitory interneurons (IScIN; p<0.05, F-test; n=4 of 6; Fig. 4D ). However, it significantly increased the interburst (but not the intraburst variance) of IPSPs from small ipsilateral inhibitory interneurons (SiIN; p<0.05, F-test; n=11 of 16; Fig. 4D) The effects of substance P on the synaptic variance were associated with synapse-specific effects on the PSP amplitudes (Fig. 4E) . As the synaptic variance was positively related to the PSP amplitude at each connection (Fig. 5Ai-iv and legend for EIN and SiIN-evoked inputs), changes in the PSP amplitude could have influenced the effects of substance P on the synaptic variance. This effect thus had to be considered. The amplitude of EIN-evoked EPSPs was significantly increased by substance P (p<0.05, n=15 of 28; Fig. 4E ). However, this could not account for the reduced EPSP variability because if anything an increase in the EPSP amplitude should have increased the variance (Fig. 5Ai-Aii) . Substance P did not significantly affect the amplitude of EScIN-evoked EPSPs (n=8, p>0.05; Fig. 4F ) or SiIN-evoked IPSPs (p>0.05, n=16; Fig. 4F ), and thus changes in PSP amplitude cannot account for the effects on the synaptic variance at these connections. However, the significant reduction of the IScIN-evoked IPSP amplitude by substance P (p<0.05, n=4 of 6; Fig.   4F ) could have contributed to the marked reduction in variance at this connection.
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The influence of activity-dependent plasticity on synaptic variability Substance P thus had synapse-specific effects on the amplitude and variance of monosynaptic EPSPs and IPSPs. Because the EINs were found most often during experiments, this connection was used to examine the modulation of the synaptic variability in detail.
EIN-evoked EPSPs in motor neurons exhibit various forms of activitydependent plasticity (Parker 2003a). Activity-dependent changes in the EPSP amplitude during the spike train will alter the PSP amplitude and could thus contribute to the intraburst synaptic variance. Substance P can alter the activitydependent properties of EIN-evoked EPSPs to evoke metaplasticity (Parker and Grillner 1999). As changes in the EPSP amplitude could alter the intraburst variability (Fig. 5Ai,Aii) , the influence of activity-dependent plasticity and metaplasticity on the modulation of the synaptic variance had to be examined.
The variance of EIN inputs to motor neurons (from Parker 2003a) was 0.22±0.01 mV at depressing connections (n=103), 0.22±0.03 mV at facilitating connections (n=61), and 0.16±0.02 mV at unchanged connections (n=26). The intraburst synaptic variance was significantly lower at unchanged connections (p<0.05, F-test), but there was no significant difference at depressing and facilitating connections (Fig. 5B) . As expected, the depression or facilitation of inputs during spike trains increased the synaptic variance. The main effect of substance P on activity-dependent plasticity was to convert unchanged or depressing connections into facilitating connections (U-F and D-F, respectively; n=10 of 16, 62% of connections; data not shown). However, in chelerythrine substance P reduced the synaptic variance in 6 of 12 experiments (from 0.15 and 0.19mV to 0.11 and 0.14mV; data not shown).
The proportion of connections in which the synaptic variance was reduced in chelerythrine and substance P did not differ significantly to the proportion of experiments in which the variance was reduced by substance P alone (p>0.05, Chi square; data not shown), which suggested that the effect was not dependent on PKC.
The network effects of substance P are calcium-dependent (Parker et al. 1998 ).
The effects of calcium on the synaptic variability were examined using the slow Fig. 6Ci ). However, substance P failed to reduce the synaptic variance in any connection in AP5 (n=7, p<0.05, Chi square; Fig. 6Ci ,Cii), which suggested that the effect was NMDA-dependent.
The NMDA-dependence of the reduced synaptic variance was examined further by investigating the effects of substance P on postsynaptic depolarisations evoked by pressure application of glutamate or NMDA. Pressure application of NMDA and glutamate was performed in TTX (1.5µM) to ensure that the depolarisations were due to direct postsynaptic effects on the cell recorded from.
Substance P increased the amplitude of NMDA and glutamate-evoked depolarisations, and significantly reduced the variance of the depolarisation amplitude (glutamate n=4 of 5; NMDA n= 4 of 5; F-test, p<0.05; Fig. 7A,B) . The effects of substance P were also examined on TTX-resistant spontaneous miniature EPSPs (Fig. 8A) , there was a significant decrease in the variance of vesicle diameters in substance P treated terminals. For docked vesicles the variance decreased from 2.88nm in control to 2.14nm in substance P (p<0.001, F-test), and for undocked vesicles from 2.84nm to 2.54nm (p=0.007, F-test; Fig. 8A,C,D) . In contrast, substance P had no significant effect on the median diameter or variance of vesicle diameters at symmetrical Page 21 of 48 synapses that contained flattened or pleomorphic vesicles (assumed to represent inhibitory synapses; Peters et al. 1991) . The reduction in the variance of synaptic vesicle diameters by substance P was thus specific to excitatory synapses.
Discussion
This study has shown neuron and synapse-specific variability in the lamprey spinal cord. Synaptic inputs from two types of inhibitory and two types of excitatory interneuron were examined. The detailed analysis has focused on the excitatory interneurons (EIN), which provide the excitatory drive to the locomotor network (Buchanan et al 1989) . Substance P reduced the variability of EIN spiking and of EIN-evoked EPSPs. As long-term recordings from these interneurons are rare, the duration of the modulatory effects is unknown. The effects were unchanged 30min to 1h after substance P application (Fig. 3C) . As other cellular and synaptic effects of substance P have recovered at these times (Parker et al. 1998; Parker and Grillner 1998, 1999; Svensson et al. 2002) , the effects shown here may be relatively longlasting.
In common with other analyses, synaptic variability was examined by measuring the PSP variance (Aradi and Soltesz 2002; Földy et al 2004 Földy et al , 2005 .
However, changes in the PSP amplitude can influence the synaptic variance (Fig. 5) , and this could have complicated the interpretation of the effects shown here. An alternative approach is to use the coefficient of variation (CV; standard deviation PSP amplitude/mean PSP amplitude), which has the advantage of normalizing the variability to the mean. However, the CV can only be used for stationary (i.e. activityindependent) effects: in non-stationary data sets changes in the mean amplitude could result in changes in CV even when the standard deviation was unaffected. While Page 22 of 48 changes in PSP amplitudes could also have influenced the synaptic variance, this can simply be ruled out for three of the four connections examined. There were no significant effects of substance P on the amplitude of SiIN or EScIN-evoked PSPs, which means that the changes in synaptic variance at these connections could not be due to changes in the PSP amplitudes. These connections thus provide the first experimental examples of changes in the variance independently of changes in the mean PSP amplitude (Aradi and Soltesz 2002). The reduction in the variance of EINevoked EPSPs was not due to a change in the EPSP amplitude, because the EPSP amplitude was increased by substance P, an effect that should have increased the PSP variance. However, the significant reduction of the IScIN-evoked IPSP amplitude by substance P could have contributed to the reduced variance at this connection.
Effects on cellular and synaptic variability
Substance P reduced the variability of subthreshold locomotor-related depolarisations and spiking in motor neurons during network activity. However, it did not reduce the variability of motor neuron spiking when it was evoked by depolarizing current pulses. This suggests that the effects of substance P on spiking during network activity were not due to effects on the intrinsic properties of motor neurons, but to a reduction in variability of the excitatory drive that the motor neurons received. This could be caused by the reduced variability of EIN spiking or by the reduced variance of EIN and EScIN-evoked EPSPs.
In contrast to its effects on excitatory synaptic inputs, substance P increased In contrast to motor neurons, substance P reduced the variability of EIN spiking in response to depolarizing current pulses. This suggested an effect of substance P on the intrinsic properties of the EINs. The mechanisms underlying the modulation of EIN spiking have not been examined in any detail here. Substance P did not affect the K Ca -mediated afterhyperpolarisation in the EINs, suggesting against an effect on this conductance. An I A potassium current influences spiking and the regularity of network activity in the lamprey (Hess and El Manira 2001), while a slow potassium conductance (I Ks ) influences cellular excitability and the regularity of network activity in Xenopus (Dale and Kuenzi 1997). The role of these conductances in the cellular effects of substance P remains to be studied. 
Mechanisms of the synaptic modulation

Functional relevance
The functional role of cellular and synaptic variability is still not well understood. Is it simply an epiphenomenon that reflects the problems of precisely regulating multiple interacting elements, or is it specifically designed to influence network outputs? Cellular, synaptic, and network variability clearly exists, and it can have significant effects. While variability is attracting increasing attention (Aradi and substance P during migration, where the increased frequency and improved regularity of network activity may facilitate swimming over long distances.
We know that substance P reduces the variability of the locomotor network output (Parker et al 1998) . We have shown here that this is associated with a reduction in the variability of locomotor-related depolarisations and of motor neuron spiking during network activity, and with a reduction in the variability of glutamatergic synaptic transmission and spiking in the EINs in quiescent preparations. While the reduced variability of EIN cellular and synaptic activity is consistent with the reduced variability during network activity, it is difficult to causally link cellular and synaptic effects in quiescent preparation to changes during network activity (Parker 2006 ). This will require that synaptic variability is examined at connections between locomotor network interneurons (ideally during network activity), and that specific changes in variance are related directly to changes in the network output (Parker 2006) .
It is generally difficult to examine individual synaptic inputs when the network is active (Parker, unpublished observations; Manor et al 1999) , and even harder to change variance independently of effects on mean values (Aradi and Soltesz 2002) . We have tried to link cellular, synaptic, and network effects of substance P by correlating effects at different levels. Over a series of studies we have linked metaplastic changes in EIN-evoked EPSPs to substance P-evoked changes in the network burst frequency (Bevan and Parker 2004; Parker and Grillner 1999; Parker et al 1998) . As the effect on the network burst regularity has not been studied previously at the cellular and synaptic levels, the description of variability in this study is an essential initial step in this analysis. Potential links between the synaptic effects of substance P and the change in the network output are supported by the PKAPage 27 of 48 28 dependence of both the reduced variability of EIN-evoked EPSPs and of network activity (Parker et al 1998) . In addition, as substance P did not affect the regularity of current injection-evoked spiking in motor neurons, the improved regularity of spiking during network activity presumably reflected changes in the excitatory drive caused by the reduced variability of EIN spiking and EIN-evoked EPSPs. However, further analyses will be needed to link these effects in quiescent preparations to changes during network activity. Note that when an effect occurred substance P usually caused a switch from depression (D) or unchanged (U) to facilitation (F). 
